Major Depressive Disorder (MDD) is a psychiatric disorder characterized by high comorbidity with 34 cardiovascular disease. Furthermore, a combination of high heart rate (HR) and low heart rate 35 variability (HRV) has been frequently reported in depressed patients. The present review proposes a 36 frontal-vagal (brain-heart) network that overlaps with functional nodes of the depression network.
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with this, there is a higher risk for depression when being born in spring, and this is lower in winter 144 [49, 50] . Exercise tends to increase HRV [36] , and lower HR. Several studies suggest that exercise has 145 a preventive action on depression and may serve as treatment option [51] . Thus, HR and HRV is 146 associated with many factors that are dysregulated in depression as well, further suggestive of a link 147 between the depression network and the heart-brain axis.
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A biofeedback technique called Heart Rate Variability Biofeedback (HRV-BF) has been shown to 150 have anti-depressive effects, either by itself or when combined with evidence based behavioral 151 treatments. During HRV-BF, patients are assessed to find a breathing frequency that produces the 152 maximum effect on the vagal pacing of the heart (called respiratory sinus arrhythmia). A recent 153 review on the effects of HRV-BF and emotion regulation, concludes that HR oscillations can enhance 154 emotion by entraining brain rhythms in ways that enhance regulatory brain networks [52] . An open-155 label study where 11 depressed patients practiced HRV-BF as the sole treatment, indicated that by 156 session 4, patients with mild depression showed improvements in sleep, hygiene, fatigue, and Thus, MDD, HR and HRV are linked to each other. Interestingly, different neuromodulation 172 techniques, such as VNS, TMS, and potentially DBS, have proven to be successful and effective in 173 treating depression in patients, and also have subsequent effects on cardiac measures such as HR and shifting, due to abnormal sgACC activity, which subsequently leads to altered vagal control [68] .
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There have not been many studies investigating the direct effect of deep brain stimulation on the 201 VMPFC in relation to HR, although it was demonstrated in monkeys that electrical stimulation in the 202 pregenual ACC was associated with cardiac slowing [69] . Furthermore, bradycardia was observed that with DBS, HR accelerates rather than decelerates after SCC stimulation. This may be explained 216 by the finding that across all 7 patients, there was a significant relationship between the estimated 217 structural connectivity of the left SCC VTA to the mid-cingulate cortex and the change in HR: the 218 greater the structural connectivity, the more the HR increased [73] . Furthermore, it was suggested that 219 the SCC has greater connectivity to the dorsal anterior cingulate which is thought to be linked to the 220 sympathetic system [74, 75] , subsequently causing HR accelerations. Another important consideration 221 is the true focality of DBS in these studies, since the electrical stimulation intensity in MDD DBS 222 studies is often higher relative to Parkinson DBS studies, and more diffuse as demonstrated by 223 electrical field modelling [76] . The latter SCC DBS study applied stimulation at 6mA [73] , while for 224 example in the rabbit study HR decelerations were observed at 40 µA [71] , and 0.5-1 mA in monkeys 225 [69] . Therefore, more human studies with adequate stimulation parameters are needed to confirm the 226 sgACC to be the relay station in this frontal-vagal network. 
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The DLPFC has been frequently selected as a target area in non-invasive neuromodulation research 246 such as rTMS and tDCS due to the accessibility of this node in the depression network. For both 247 rTMS and tDCS, several studies have investigated the effects on HR (for a complete overview see 248 [14] ). In short, it was found that both tDCS and TMS reduced HR, but the cardiac effects of TMS 249 were stronger relative to tDCS [14] . Furthermore, prefrontal stimulation was more effective in verified within a few seconds whether coil or electrode positioning is optimal, taking the time for the 282 signal to travel from the target location to the VN into account. This may be used for choosing an individual optimal target for, for example, TMS. In a proof-of-concept study, TMS was aimed to 284 locate the DLPFC according to HR deceleration [85] . HR data of 10 subjects was collected, while 285 stimulating with 5 second trains of 10Hz TMS on various prefrontal locations (F4, FC4 and C4, F3, 286 FC3 and C3) according to the 10-20 system. In this study, respiration was "filtered out" by converting 287 the ECG to RR intervals and taking only the troughs of this signal (see figure 1 ). The rationale for this 288 was that the troughs represent the highest HR and could thus show a deceleration more clearly. In line 289 with the hypothesis, it was found that on the group level, the locations that led best to the largest HR 290 decelerations were F3 and F4, and these are conventionally used as rTMS targets (also referred to as In order to objectively test and extend this NCG-TMS approach, an individual participant data meta-310 analysis was conducted. Here we aimed to 1) increase the power and, 2) to asses laterality differences. the results from the pilot study for both hemispheres [94; unpublished data], indicating adequate 320 power. It was hypothesized that heart rate deceleration following stimulation at F3/4 would be 321 statistically different from C3/4, as indicated by the single studies, and that there would be no effect 322 of hemisphere. Since all studies were conducted in the same manner, we pooled the data as if one 323 mega-trial, as a one-stage analysis [86] . Repeated measures ANOVA was conducted with location as 324 within-subjects factor and hemisphere as between-subjects factor. To control for differences in 325 dataset, post-hoc analyses with dataset added as between-subjects factor was conducted. 
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Furthermore, substances such as nicotine or coffee may also confound NCG-TMS results.
364
We stated that autonomic functioning is disturbed in MDD (higher HR, lower HRV) by means of a 365 shift between sympathetic and parasympathetic activity. This could be a result of either increased sympathetic activity, a decrease in parasympathetic activity or both, but the exact mechanism is still 367 unclear. Also, it has yet to be determined whether high HR and low HRV are state or trait related, and 368 thus, will normalize with response to treatment. Previous research suggests that an increase in HRV 369 was related to successful pharmacological treatment [89, 90] , and also with acupuncture treatment [91] 
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Anatomical and functional connections between the brain, spinal cord and the heart for the sympathetic pathway (accelerator 722 nerve, indicated in green) and the parasympathetic pathway (vagus nerve, indicated in blue). 
